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^ Tha ceramic powder can be made by several well known methods. TradUianal powder metallurgical tech- 

niques can be used, where tha different components are mixed and ground under dry or wet condlUons wtth 
y water or an Inorganfc solvent (e,g. alcohols) as grinding liquid. So called SOL-GEL technique can also be used 

s where dtffarent oxide materials are deposited together from a water solution or are co precipitated from metal 
alcoxides In e.g. water free alcohol by controlled addition of water. A combination of different techniques can 
also be used by using SOL-GEL technique to deposit a surface layer of desired metal oxide on a powder ma- 
terial. Lubricants or other organic binders depending on the choice of forming method may be added to the 
ceramic powder when needed at suitable times In the process as is convendonally known. Other preparahon 
10 routes of the ceramic material are also possible such as reaction sintering where a suitable meta! is oxidized, 
nitrided etc. For example, aluminium can be oxkllzed under carefully controlled processing to alumina. These 
methods allow praformlng or reinforcement by f ibree. e.g., in a felt infiltrated with riquid metal. 

Many of tha monolithic ceramics which are biocompatible may have a brittle performance if they are not 
sintered to nearly full density, more than 98% and preferably > 99.5% of tha theoretical density. However, 
16 these ceramics can be strengthened by a number of toughening mechanisms. Finely dispersed partJdes, pla- 
telete whiskers or fibera raise the fracture toughness of tha composite. Typical additives are the nitrides^ car- 
bides, bbrid^s or nSitiires thereof of the transition metal of group IV-VI or of the elamanls Al or SI. Toughening 
may also be achieved by so called transformation toughenlng/La.. additions of unstabDIzed 2r02 or ZrOi sta- 
bnizad with Y203. MgO orGaO.Th© additions of these latter oxides shall not exceed 25 wt%. but should be 

20 mora than 2 wt%. Tha bSsi performance Is obtained with 3-12 wt?k j>Uhe-ZrOa^-^^ 

The powder with lubricants and/or other organic binders Is-cold Isostaticalty compacted , uniaxially press- 
ed, slip cast, pressure cast, injection moulded or compacted ih'anothaj-'sui table way. The compacted body has 
' such dimensions that it comprises enough material for the copy milling of the outer shape of the core, which 

will fit Into the prepared cavity (E). During this copy milling the sintering shrinkage must be considered. Thus. 
25 the copy ml'liad surface (D) must be enlarged so that tha compacted body has such dimensions that after the 
shrinkage during the eub'aaquant sintering praceas to high density, has desired final geometrical external 
shape. (D) which will fit Into tha prepared cavity (E) with great accuracy. iPr^^ 

The ceramic body can also be prealntered before the copy mfillng of the surface (D) fitting to tha prepared ^ ' , j 
cavity (E). All tha other aurfaces are prepared near final shape before the final sintering. It is important that / / / ^ 
30 tha ceramic material Is sintered to closed porosity, which for an oxide material means at least 95% of theoretical i 
density, but In order to ensure good mechanical strength the material should preferably have a density over Jj 
98%, while densities over 99.5% give the best strength. 

The sintering can take place In a vacuum or under hydrogen atmosphere^ under normal atmosphenc pres- 
sure or under increased pressure In connection with the overpressure sintering or hot isostatic compaction or 
35 allarnallvely by hot pressing. Highly pure Al20a becomes translucent during sintering to fuU density in vacuum 
or in hydrogen atmosphere, which is an advantage whan nahiral taath are to be Imitated. Pure oxide material 
can be sintered In air, hut some compositea have to be ainterad in inert or controlled atmosphere. The core is 
given an external shape so that the bulldlng-up of the veneer la facilitated. Tha external shape can besuch 
that it la roughly similar to natural teeth. After the final sintering the surfaces of the core may need soma grind- 
40 Ing. especially the external eurfacee outside the prepared cavity. This grinding will be made with tha inlay or 

the onlay crown on a modal of tha prepared tooth. If dental porcelain Is used as the veneer with a coefficient j y^- 
of thermal expansion adapted to the material of the core, the porcelain will adhere belter. In the case of AlaOa 
^ as the core material there win be a "chemical bond" between AI2O3 and porcelain. This means that the external 

surface of the core does not need any retention elements. When using other veneer maleriala e.g. plastic. 
« mechanical retention elementa can be needed e.g. grooves, pits or on the external surface sintered retention 
elements or a sllana treatment of Che surface. The core can alao be given such a shape that the ceramic inlay 
or onlay tooth crown doea not need any veneer material. The surfaces of tha inlay or tha onlay tooth crown 
which Is a part of the external surfaces of the repaired tooth must in this case before the cementing be ground 
and polished to a surface fineness of 0.5-5^m preferably 0.5-1 jim. 
50 The ceramic base material In the core comprlaes preferably one or several biocompatible oxides (including 
phosphates, silicates and sulfates), with the addlth/es of carbides, silicldas, nitrides or boridas with or without / 
binder metal (iTraferably Iron-group metals) In addition to conventional sintering aids. Tha base material can 
also comprise other biocompatible high performance ceramics such as nitrides, oxynibides. carbides, etc. Ex- 
amples of the two former materials are SiiN*. SijNiO, sialon. AJN. AJON. etc. Examples of biocompatible ox- 
idea, which can form base matrix for the ceramic body, are AljOa. TiOj. MgO. ZrO^, and ZrO^ (parUy or totally 
stabSizad with amounts of up to 25 welght% of Y2O3. MgO or.CaO). ^ 

Also, components such as SIC, TIN. TIG, TiB-, SljNi. or other bioccmpatible carbides or nitrides of group 
IV,V or VI can be present as particles with a size of <25nm preferably <i O^m and/or aa whiskers (hair shaped 
single cryatala) with a length to diameter ratio >5. preferably >10 and/or fibers (polycryatalline) with a diameter 



5S 



